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Abstract 
DyBa2Cu3O7-δ (DyBCO) films were grown on biaxially-textured MgO buffer layers deposited on 
Hastelloy substrates, typical critical current densities (Jc) were 2.1 MA cm-2 at 77 K in self-field. Biaxial 
texturing and the orientation relationship of DyBCO films with respect to the Inclined Substrate 
Deposition MgO buffer layer were investigated using plan-view and cross-section Transmission Electron 
Microscopy (TEM). A detailed analysis of the microstructural parameters will be summarized. Despite 
the large lattice mismatch (8.5%) the DyBCO grows epitaxially on the MgO buffer layer and the biaxial 
texture of the MgO is well transferred to the DyBCO. A growth model for the DyBCO is presented. 
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1. Introduction 
Coated conductors require biaxial alignment of the superconducting thin film to ensure maximum 
critical currents. Inclined Substrate Deposition (ISD)  [1] is one of the techniques, which yields highly 
biaxially-textured MgO buffer layer at high deposition rates (20-100 Å/s). Most important ISD is 
independent of the substrate texturing. 
Grain boundaries are considered as being weak links in YBa2Cu3O7-δ (YBCO). It was reported that the 
critical current density across a grain boundary decreases drastically with increasing misorientation angle 
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and the boundary behaves as a weak link for misorientation angles greater than 10 degree  [2]. However, 
if the misorientation angle is small (< 6 degree), the degradation of the critical current density is small. 
The strong dependence of critical current density on the grain boundary misorientation angle is the 
primary factor limiting the fabrication of high critical current density coated conductors. 
Coated conductors produced by the ISD preparation technique are of great interest due to their unique 
growth properties: as documented the [001] crystallographic axis is inclined (figure 1b) with respect to 
substrate normal  [3]. Superconductors based on DyBCO (or YBCO) are known for their highly 
anisotropic properties  [4]. Therefore, ISD prepared coated conductors based on these materials are 
expected to reveal a significantly different microstructure and superconducting properties compared to 
Ion-Beam-Assisted Deposition (IBAD) or Rolling-Assisted Biaxially-Textured substrate (RABiTS) 
coated conductors. In this paper we report microstructure and growth behavior of DyBCO films grown on 
ISD MgO buffer layers. 
2. Experimental 
ISD MgO buffer layers were deposited on Hastelloy substrates at room temperature by tilting the 
substrates with respect to the evaporation source, and using a deposition rate of 2 nm s-1. Subsequently, a 
DyBCO layer was deposited in an untilted substrate configuration. A more detailed description of the 
used setup and the deposition parameters are found in reference  [5]. A schematic of the layer structure of 
the analyzed samples is shown in figure 1a. A typical critical current density of 2.1 MA cm-2 at 77 K in 
self-field was measured. 
TEM cross-section samples were prepared either by the Focused Ion Beam (FIB) method using a Zeiss 
AURIGA® Cross Beam Workstation or by mechanical grinding and polishing  [6]. TEM plan-view 
samples were prepared by dimpling the sample down to 20 μm thickness, followed by ion-milling 
(Fischione 1010). As we prepared cross-sections in special directions, the samples were punched out by 
overlapping the successive punches to retain the directional information (figure 1c). 
TEM images and diffraction patterns were acquired in a Zeiss EM912Ω operated at 120 kV equipped 
with an in-column energy-filter and an Energy Dispersive X-ray (EDX) detector. All TEM work was 
done by tilting the samples in the microscope such that the c-axis of the DyBCO was lying in the image 
plane and using a 10 eV energy slit aperture. 
3. Results and discussion 
Figure 2a shows an overview bright-field image of the sample in cross-section. For image acquisition 
samples were tilted such that the (001) direction of the DyBCO was lying in the image plane. Under such 
conditions all the layers from the Hastelloy substrate to the DyBCO surface were imaged, which are the 
Hastelloy substrate, the MgO buffer layer, the MgO cap layer, and the DyBCO layer. The thickness of 
each layer was measured and matched well with the deposited thicknesses. 
 
 
Fig. 1. (a) Schematic of the layer structure of the analyzed samples; (b) growth geometry of inclined substrate deposition; and (c) 
overlapped punches (notch formation) for cross-section and longitudinal-section for TEM specimen preparation to retain the 
directional information in the punched out circular disk. 
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Figure 2b shows a g = (001) dark-field image of the DyBCO layer, which revealed facets at the MgO-
DyBCO interface. The heights of facets were 70 to 100 nm and facets wavelength was 130 to 250 nm. 
The DyBCO top surface was found to be faceted, having amplitudes of 110 to 120 nm and wavelengths of 
250 nm. 
Grain boundaries were also found to be faceted and tilted with respect to the substrate normal. A high 
magnification g = (001) dark-field image of such a grain boundary is shown in figure 2c. The DyBCO 
grain boundary is marked by white arrows. The c-axis orientation is marked by a long white arrow. The 
DyBCO grains were found to be 150-250 nm in size, which is a typical size of the MgO facets. 
A high magnification bright-field image of the MgO-DyBCO interface is shown in figure 2d. In the 
DyBCO film, (00l) lattice fringes were observed (white lines in figure 2d) and it was found that (001) 
direction i.e. the c-axis of the DyBCO is perpendicular to the facets. Note that the c-axis and the overall 
grain boundary both are tilted with respect to the substrate normal, the former in the left direction and the 
latter in the right direction. A high dislocation density of 7.4×1011 cm-2 was observed in the DyBCO film. 
Figure 2e shows a selected area diffraction pattern acquired at the DyBCO-MgO interface. Since the 
(00l) reflections of the DyBCO and the (002) reflection of the MgO lying along the same direction in the 
diffraction pattern (figure 2e), the biaxial texturing of the MgO is well transferred to the DyBCO. 
Furthermore, the diffraction pattern shows a small spread in (00l) reflections of about 3°, the grains form 
small-angle grain boundaries. 
Figure 3a shows a typical selected area diffraction pattern (in false color) of the DyBCO film in plan-
view using a selected area aperture of 700 nm. We measured an overall spread of 16° in the (110) 
reflections. An intensity plot along the shown arc (in figure 3a) for the (110) reflection of DyBCO is 
plotted and is shown in figure 3b. The fine structure in the polar plot confirmed that, the adjacent grains 
had a 4° to 6° in-plane misalignment with each other and hence formed small-angle grain boundaries. 
Note that the [110] direction is the current flow direction in the tape. 
 
 
Fig. 2.  TEM results: (a) bright-field overview image; (b) g = (001) dark-field image of the DyBCO layer; (c) g = (001) dark-field 
image of a grain boundary; (d) high resolution image of the MgO-DyBCO interface; and (e) shows a selected area diffraction pattern 
of the DyBCO film. 
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Fig. 3. (a) Selected area diffraction pattern in false colors of the DyBCO film in plan-view; and (b) polar intensity plot of the (110) 
reflection (along the shown arc) of the diffraction pattern shown in (a). 
The observed faceted surface in the ISD MgO yields an increase of surface area of 1.3 in one 
dimension with respect to an unfaceted surface. The MgO surface energies are highly anisotropic, i.e. the 
ratio of the {111} to {100} surface energies is 1.29 as reported by Wander et al.  [7], corresponding to the 
increase of surface area. Thus, we consider the driving force for faceting to be the anisotropy of the 
surface energy together with the inclined substrate. 
YBCO (or DyBCO) is highly anisotropic with respect to growth  [4], i.e. it shows a slow growth along 
the c-axis and a fast growth along (a,b)-axis. In case of ISD, due to the tilted geometry (figure 4b) the 
DyBCO growth has a non-zero growth component parallel to the (a,b)-plane of DyBCO (figure 4c), 
which suppress the a-axis growth and makes the growth process stable. The non-zero component of 
growth along the interface facet, yields faceted grain boundary and tilts the grain boundary away from the 
substrate normal. 
 
 
Fig. 4. Schematic drawings of YBCO/DyBCO growth modes for (a) IBAD, RABiTS etc.; and (b) the ISD technology. (c) A non-
zero component of DyBCO growth along the (a,b)-plane of the DyBCO only exist in the ISD technology. 
 
Fig. 5. A schematic drawing of the growth mechanism of the DyBCO film on faceted buffer layer, the tilting mechanism of the grain 
boundaries, and the c-axis out of the substrate normal is shown. 
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The facetted structure of the substrate is not found for RABiTS or IBAD technology for which YBCO 
is deposited on planar and unfaceted surfaces (figure 4a). The grain boundaries always appear roughly 
parallel to the substrate normal (c-axis)  [8]. The high anisotropy in growth and the flat geometry of the 
substrate makes the growth process unstable with respect to a-axis growth, i.e. once a-axis grains are 
formed they quickly grow. Note that for IBAD and RABiTS, no growth component in (a,b)-plane exist 
due to the flat geometry. Based on the above discussion a growth model for the ISD grown DyBCO, was 
presented as shown in figure 5. 
4. Conclusions 
In-plane biaxial-texturing, and orientation relationship of DyBCO films on ISD MgO buffer layers 
were studied using selected area diffraction patterns. A faceted MgO-DyBCO interface was observed.  
The c-axis of the DyBCO film was tilted away from the substrate normal by 29° such that it was 
perpendicular to the MgO facets. No a-axis growth and only small-angle grain boundaries were observed. 
Grains were found to be 150-250 nm in size. A high dislocation density of the order of 1011 cm-2 was 
found in the DyBCO. 
By considering surface energies of the MgO it is shown that the driving force for faceting of the MgO 
surface is the anisotropy of the MgO surface energies. In summary, optimized growth conditions for the 
MgO films yielded a well faceted surface and perfect growth behavior of the DyBCO in ISD technology. 
This is due to the faceted structure of the MgO surface yielding a non-zero component of the DyBCO 
growth parallel to the (a,b)-plane of the DyBCO. A growth model for the DyBCO is presented. 
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